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ABSTRACT 

The  purpose  of  the  study  was  to  investigate  the  effects 
of  age  and  sedentary,  moderate  (endurance)  and  intensive  (sprint) 
physical  conditioning  on  body  weights  and  chemical  changes  in 
collagen  of  achilles  tendons  during  growth  and  maturation  of  rats. 
Physico-chemical  changes  in  collagen  as  indicated  by  hydroxyproline 
concentrations  (ug/mg)  (0.45  M  NaCl  extraction)  were  determined  in 
order  to  permit  physiological  age  comparisons  of  active  and 
non-active  groups. 

Ninety  male  albino  rats  of  Uistar  strain  at  5  ±  1  weeks  of 
age  were  exposed  to  a  sedentary  control  condition  (CS)  ,  continuous 
endurance-type  running  (EC)  ,  and  sprint-type  interval  running  (SI) 
and  studied  at  15,  25,  32  weeks  of  age.  EC  and  SI  conditioned 
animals  were  progressively  accommodated  to  a  Quinton  rodent  tread¬ 
mill  at  35  m/  min/  60  min/  day,  8%  grade  and  85  m/  rain/  20  bouts/ 
day  (1  bout  15  s  :  20  s),  30%  grade  respectively,  4  days  per  week 
for  durations  of  10,  15,  26  weeks.  SI  -  32  week  old  group  was 
further  accommodated  to  ruining  speeds  of  90  m/  min/  20  bouts/  day, 

30%  grade. 

Significant  (p  <0.05)  increases  of  body  weight  occurred  with 
growth  (15  and  25  weeks)  .  Endurance  conditioned  rats  had  significantly 
lower  body  weights  compared  to  sedentary7,  free  eating  controls.  Total 
collagen  content  as  determined  by  hydroxyproline  concentrations  (ug/mg 
stored  weight)  increased  as  a  function  of  age  (15  and  32  weeks)  .  The 
present  study  suggests  that  no  conclusive  evidence  exists  to  substan¬ 
tiate  the  notion  that  there  is  a  relationship  between  physical  condition¬ 
ing  and  aging  in  collagen  of  achilles  tendons  of  15,  25,  32  week  old  rats. 
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INTRODUCTION 

Jogging  has  recently  become  a  part  of  the  lifestyle  of  many 
Canadians.  The  annual  marathon  hosted  in  Ottawa  in  May,  1978  included 
approximately  2000  participants  ranging  in  ages  from  9  to  60  years 
(1978  CBC  news  coverage) .  Not  long  ago  such  events  were  attended  by  a 
few  select  and  elite  individuals  aspiring  to  set  new  records.  It  now 
appears  that  participation  in  running  ard  other  exercise  activities 
holds  increasing  relevance  especially  for  adults  who  do  not  intend  to 
reach  their  physical  potential.  This  fact  stems  from  an  awareness  that 
certain  physiological  adaptations  to  submaximal  types  of  conditioning 
programs  have  been  shown  to  offset  many  deteriorative  processes 
associated  with  aging  (Astrand  and  Rodahl,  1977;  DeVries,  1974; 

Bailey,  1973)  and  hence,  enhance  the  quality  of  life  (Wenger,  1977)  . 
Also,  many  older  individuals  who  have  remained  physically  active  through¬ 
out  life  often  appear  'younger'  than  their  years.  This  has  led  to  the 
assumption  that  a  relationship  exists  between  physical  activity7  and  an 
offsetting  of  the  aging  process  (Allman,  1974;  Malina,  1969) . 

The  nation  that  biological  aging  is  influenced  by  exercise, 
physical  conditioning,  or  physical  stress  is  not  well  substantiated  by 
scientific  inquiry  since  there  is  a  paucity  of  studies  in  both  animals 
aid  humans  in  which  the  factors  of  age  and  physical  conditioning  have 
been  investigated  for  an  extended  period  of  time  (Wilson,  1973; 

Malina,  1969) .  There  are  obvious  difficulties  when  conducting  long¬ 
itudinal  studies,  particularly  with  humans. 
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Nevertheless,  reported  evidence  (Astrand  and  Rodahl,  1977; 

Kash,  1976;  Robinson  et  al,  1975;  Kiessling,  1974)  states  that  even 
into  the  fifth  decade  many  of  the  functional  parameters  associated 
with  strength  and  aerobic  capacity  can  be  maintained  or,  any  decrease 
associated  with  age,  minimized  in  response  to  vigorous  physical 
training.  Limitations  of  such  findings  may  be  due  to  the  fact  that 
the  subjects  studied  represented  the  physiological  elite  (Wilson,  1973) . 
Thus,  it  is  recognized  that  the  root  cause  of  age-related  effects  at 
all  higher,  organizational  levels  of  biological  systems  has  a  genetic 
basis  (Hayflick,  1975,  1968) .  Therefore,  it  is  by  the  use  of 
laboratory  animals  of  albino  strain  that  much  of  the  error  variance  due 
to  individual  differences  can  be  diminished  (Elias  and  Wright,  1974)  . 

in  addition  to  genetic  determinants,  developmental  researchers 
maintain  that  adult  capacity  is,  in  part,  a  function  of  physical 
conditioning  imposed  during  'critical  periods'  of  active  growth  ana 
maturation  (Bailey,  1973;  Malina,  1969) .  This  assumption  underlies 
the  principle  of  adaptation  which  states  that  the  precise  composition 
of  a  cell  in  terms  of  enzymatic  and  structural  proteins  can  only  be 
maintained  by  its  particular  pattern  of  functional  activity  (Perry, 
1971  as  quoted  in  Poortmans,  1975) . 

The  tenet  that  structure  subserves  function  is  well  demonstrated 
in  connective  tissue.  All  connective  tissues  (collagenous,  elastic, 
mucous,  reticular,  osseus  and  cartilagenous)  assume  an  architectural 
and  mechanical  function  for  the  body  (Borland 's  Medical  Dictionary7, 
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1974) .  Yet  each  connective  tissue  has  its  own  characteristic 
composition  and  structure  suited  to  a  specific  function.  Tendon,  for 
example,  forms  a  functional  unit  with  muscle  and  bone  and  thus  transmits 
forces  generated  bp  striated  muscle  across  the  articulations  of  joints 
in  order  that  movement  can  occur  (Hall,  1976;  Verzar,  1963)  or 
tension  be  produced.  This  particular  activity  pattern  must  be  main¬ 
tained  within  certain  physiological  tolerance  limits  since  an  excess  of 
activity  or  immobilization  and  disuse  is  detrimental  to  the  maintenance 
of  functional  connective  tissue  (Chvapil,  1973) ;  shown  bp7  a  decrease 
in  structural  stability  and  healing  rate  (Booth  and  Gould,  1975, 

Tipton  and  Matthes,  1975;  Malina,  1969)  . 

In  1945,  Inglomark  showed  that  conditioning  young  rabbits  on  a 
treadmill  enlarged  cross-sectional  areas  of  achilles  tendon  and  corres¬ 
ponding  muscles  compared  to  age-matched  controls.  In  older  animals 
studied,  Inglamark  noted  hypertrophy  of  muscle,  but  not  in  the  achilles 
tendon.  Heikkinen  and  Vuori  investigated  the  effect  of  4  weeks  of 
physical  activity  on  the  metabolism  of  connective  tissue  in  aged  mice 
(1972) .  The  findings  showed  increased  metabolism  in  achilles  tendons 
of  trained  mice.  However,  Tipton,  Martin  (1975)  and  Viidik  (1967) 
found  no  significant  differences  between  trained  and  non-trained  young 
adult  rats  when  measuring  the  protein  collagen  dry  weight  (D.W.)  of 
connective  tissues. 

In  addition,  Tipton  and  Martin  (1975)  noted  that  the  physio- 
chemical  stability  as  an  indicator  of  soluble  and  insoluble  collagen 
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fractions  in  various  solvents  still  remains  to  be  studied  in  relation 
to  training  (Tipton  and  Martin,  1975)  .  Obviously,  more  research  is 
needed  to  answer  the  question  of  the  effects  of  age  and  physical 
conditioning  on  connective  tissues.  Also,  the  intensity  and  duration 
of  work  is  a  consideration  when  studying  physiological  alterations  due 
to  training  since  it  is  well  documented  that  adaptive  responses  tend 
to  be  specific  (Astrand  and  Rodahl,  1977;  Edington  and  Edgerton,  1976; 
DeVries,  1974)  .  Byrd  (1973)  in  his  paper,  "Effect  of  Controlled  Mild 
Exercise  on  the  Rate  of  Physiological  Aging  of  Rats"  stated  the  impor¬ 
tance  of  clarifying  the  role  of  intensity  of  exercise  with  age  since 
an  optimal  level  exists,  above  or  below  which  may  hasten  the  aging 
process. 

It'  appears  that  biological  age  need  not  be  identical  to  chron¬ 
ological  age  (Ries,  1974;  Chvapil,  1967;  Verzar,  1963).  The 
consistent  reporting  of  step-wise  changes  of  connective  tissue  con¬ 
comitant  with  increasing  age  has  made  physiological  age  comparisons 
possible  (Byrd,  1973;  Hall,  1973;  Heikkinen,  1972;  Everitt,  1972; 
Chvapil,  1967  and  1973;  Verzar,  1963,  Sobel,  1962;  Neuberger,  1953) . 

A  survey  of  the  literature  reveals  that  collagen,  the  primary  structural 
protein  of  connective  tissues  responds  to  aging  in  the  following  ways: 

1.  Collagen  will  increase  in  concentration  during  growth  and 
developmental  phases  of  aging  in  order  to  meet  the  demands 
of  the  tissue's  specialized  function  (Hall,  1976;  Booth 
and  Gould,  1975;  Tipton  and  Martin,  1976) . 


2 .  Collagen  exhibits  an  increase  in  content  with  increasing 
age  that  is  similar  between  individuals  and  most  species 
(Deyl  et  al,  1976;  Viidik,  1973) . 

3.  The  binding  forces  that  hold  the  collagen  fibres  together 

(known  as  cross-links)  may  increase  in  number  (Verzar,  1963)  , 
change  in  character  (Cannon  and  Davison ,  1973)  ,  or  both. 

Thus  with  age,  collagen  exhibits  higher  tensile  strength, 
decreased  visco-elasticity  during  mechanical  testing 
(Booth  and  Gould,  1975;  Tipton  and  Matthes  et  al,  1975; 

Viidik,  1967  and  1969)  and  increased  physico-chemical 
stability  as  determined  by  the  rate  and  degree  of  dissolution 
in  various  reagents  (Mohan,  1976;  Cannon  and  Davison,  1973; 
Verzar,  1963;  Neuman  and  Logan,  1950) . 

4.  Collagen  fibres  are  largely  acellular  and  alterations 
associated  with  aging  or  maturation  can  therefore  be  studied 
at  the  molecular  level  rather  than  at  the  tissue  level 
(Cannon  and  Davison,  1973;  Chvapil,  1967;  Shock,  1966) . 

At  the  molecular  level ,  all  organisms  have  more  in  catnon  that 
not  (Prosser,  1950)  .  The  use  of  laboratory  animals  may  provide  a 
logical  follow-up  to  an  investigation  of  a  relationship  between  prolonged 
physical  conditioning  and  age  on  one  major  protein  component  of  the  body. 
Thus,  the  purpose  of  the  study  was  to  investigate  the  effects  of  age 
and  sedentary,  moderate  (endurance)  and  intensive  (sprint)  physical 


conditioning  on  tody  weights  and.  chemical  changes  in  collagen  of 
achilles  tendons  during  growth  and  maturation  of  rats. 
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DEFINITION  OF  TERMS 


Age  : 

Chronological  -  expressed  in  terms  of  the  period 

elapsed  from  the  time  of  birth 

Physiological  or  Biological 

-  expressed  in  terms  of  chronological 
age  of  a  normal  organism  showing  the 
same  degree  of  anatomical  and 
functional  parameters  of  physio¬ 
logical  development 


Collagen : 

-  an  albuminoid  and  member  of  the  classification 
scleroproteins .  Comprises  80%  of  the  dried  weight 
of  tendons.  Serves  as  the  binding  substance  of 
skin,  tendon,  bone,  cartilage  and  connective 
tissue  generally.  Recently,  this  protein  complex 
has  served  as  a  biochemical  determination  of  aging. 

Conditioning : 

-  repeated  bouts  of  exercise  such  that  a  physiological 
adaptative  response  is  elicited 

Development : 

-  process  of  growth  and  differentiation 

Endurance  conditioning: 

-  it.  is  recognized  that  no  one  single  energy  source  is 
recruited  during  physical  conditioning ,  however , 

the  primary  energy  source  is  aerobic. 


Exercise : 


—  single  bout  or  session  of  physical  activity 


Growth : 


—  normal  process  of  an  increase  in  size  of  an 
organism  by  accretion  of  tissues 

Ponderal  -  pertains  to  weight  and  not  necessarily  size 
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DEFINITION  OF  TERMS  (cont'd) 


Hydroxyproiine : 

-  imino  acid,  in  nature  4-hydroxy-L-proline . 

It  is  found  exclusively  in  collagen. 

Its  measurement  spectrophotometrically  at  558  nm 
confers  the  biochemical  measurement  of  collagen. 

Maturation : 

-  process  of  becoming  fully  developed 
Solubility  characteristics  of  collagen: 

-  refers  to  physico-chemical  stability 

With  increasing  age,  collagen  becomes  less  soluble 
in  salt  and  weak  acid  solutions. 

Sprint : 

-  it  is  recognized  that  no  one  single  energy  source 
is  recruited  during  physical  conditioning,  however, 
the  primary  energy  source  encompassed  by  the  term 
sprint  is  anaerobic. 

Training : 

-  repeated  bouts  or  sessions  of  exercise  and  involves 
a  learning  process 
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METHODS  AND  PROCEDURES 

Experimental  Design 

In  order  to  study  the  effects  of  age  and  prolonged  physical 
conditioning  on  collagen  in  growing  rats,  the  following  independent 
variables  were  selected.  Animals  were  studied  at  15,  25  and  32  weeks 
of  age  (Factor  A)  .  Animals  were  exposed  to  either  a  sedentary  control 
condition  (CS) ,  continuous  endurance  conditioning  program  (EC) ,  or 
an  interval  sprint  conditioning  program  (SI)  ,  (Factor  B)  . 


Three  dependent  variables  were  measured  in  order  to  investigate 


treatment  effects. 


1. 

2. 


body  weight  (grams) 

total  hydroxy proline  concentration 


in  rat  achilles  tendon. 


Hydroxyproline  is  virtually  unique  to  collagen  and  therej-ore 
provides  an  'in  vivo'  label  for  this  protein  (Tipton  and 
Martin,  1975;  Both  and  Gould,  1975;  Bloom  and  Fawcett,  1975; 
Chvapil ,  1973;  Adame,  1970;  Verzar,  1963;  Woessner,  1961; 
Neuman  and  Logan,  1950) . 

3.  insoluble  fraction  of  collagen  in  cold  0.45  M  NaCl 


(ug/mg  stored  tissue). 

It  is  generally  accepted  that  salt  extractable  collagen  is 
the  most  biologically  active  component  of  the  collagen 
complex .  The  amount  of  collagen  solubilized  in  weak  salt 
solutions  correlates  inversely  with  increasing  age  (Weiss, 
1967;  Mohan,  1975;  Booth  and  Gould,  19/5;  Cannon  and 
Davison,  1973;  Chvapil,  1973  and  1967;  Shock,  1966;  and 


Sjoerdsma,  1965) . 


FACTOR 
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Table  I 

Experimental  Design,  Experimental 
Unit  Nomenclature  and  Sample  Size 
for  Age  (Factor  A)  and  Activity 
Pattern  (Factor  B) 


FACTOR  B 


CALENDAR 

AGE 

( WKS.) 

ACTIVITY  PATTERN 

ROW  SUMS  1 

SEDENTARY 

CONTROL 

CONTINUOUS 

ENDURANCE 

INTERVAL 

SPRINT 

CS-15 

EC-15 

SI-15 

15 

n,=27 

n„  =  io 

n12  =  9 

n13  =  8 

CS-25 

EC-25 

SI-25 

25 

n2=27 

n  21  =  1 1 

n22  =  7 

n23  =  9 

C  S  -32 

EC-32 

SI-32 

32 

n31  =  ^ 

n  32  =  6 

n33  =  6 

n3  =  i9 

COLUMN 

n.,=  2S 

n.2  =  22 

n.3=23 

N  =  73 

SUMS 
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Therefore,  the  design  was  a  2-factor  fixed  effects  model  with  3 
levels  in  each  factor  (Table  1) . 

Animal  Care  and  Laboratory  Conditions 

Ninety  male  albino  rats  of  Wistar  strain  at  4  -  5  weeks  of 
age  (80  -  100  g)  were  obtained  from  the  director  of  the  Health 
Science  Animal  Centre  at  the  University  of  Alberta.  The  animals 
were  housed  individually  in  self-cleaning  cages  (45  x  69  cm)  , 
maintained  on  standard  rat  chow  (Purina  pellet  form)  ,  and  allowed 
water  ad  libitum.  All  animals  were  handled,  cages  were  systematically 
rotated  and  soiled  papers  changed  daily.  Cages  and  water  bottles 
were  sterilized  each  week.  Serial  measurements  of  body  weights  were 
determined  from  the  time  the  animals  arrived  in  the  laboratory  until 
the  prescribed  day  of  sacrifice. 


Since  the  rat  is  a  nocturnal  rodent  and  therefore  most  active 
at  night  (Prosser,  1950) ,  it  was  necessary  to  reverse  the  day/night 
cvcle  (dark  between  0600  and  1800)  hours  to  facilitate  conditioning. 

Attrition 

Due  to  injury,  infection  or  a  refusal  to  run,  the  attrition 
rate  for  this  study  was  18%. 

Training  Protocol 

aji  initial  one  week  orientation  to  the  labor atory  setting, 
the  EC  and  SI  groups  were  familiarized  with  running  on  a  Quinton  Rodent 
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Treadmill  (10  ccmpartments  of  9.5  x  45  cm,  at  a  speed  of  15  to  20  m/min. 
and  8%  incline)  .  Motivation  to  run  was  provided  by  an  electric  shock 
grid  (50  v  AC)  at  the  back  of  each  compartment. 

The  principle  of  progressive  overload  of  duration  and  intensity 
(manipulated  by  time  and/or  treadmill  speeds)  was  adhered  to  as  shown 
in  Figure  1  (Astrand  and  Rodahl,  1977;  Edington  and  Edgerton,  1976; 
DeVries,  1974)  .  The  animals  were  trained  twice  a  day,  four  days  per 
week  (Monday,  Tuesday,  Thursday,  Friday)  .  The  days  off  were  to  permit 
recovery,  enhance  protein  synthesis  and  to  facilitate  cleaning  chores. 

Continuous  Endurance  Conditioning 

Stepwise  increments  of  treadmill  speed  and  duration  of  condition 
ina  session  (min  )  to  a  running  speed  of  30  m/min  ,  8-6  grade  for  a 
total  of  60  minutes  per  day  was  achieved  by  the  three  endurance  groups 
after  6  weeks  (Figure  1)  .  A  maintenance  program  of  a  daily  run  of 
60  minutes  at  30  m/min  was  undertaken  for  an  additional  4  weeks. 

After  the  continuous  endurance  group  were  sacrificed  at  15  weeks 
old  (EC-15)  ,  EC-25  and  EC- 32  groups  of  animals  were  introduced  to  an 

increased  treadmill  speed  of  35  m/min  at  training  week  11.  This 
intensity  was  further  maintained  for  60  minutes  each  day  until  EC-25 
and  EC-32  had  completed  20  and  26  weeks  of  endurance- type  activity 
respectively  (Fig.  1) . 
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Figure  1:  Endurance-Continuous  (EC) 

Training  Scheme 

The  upper  curve  (A)  shows  the  running  speed  in  metres  per 
minute  (m/mrn  ) . 

The  lower  curve  (B)  shows  the  time  in  minutes  of  each  running 
period  (4  times  per  week,  twuce  each  day)  . 

EC  sacrificed  at  15,  25  and  32  weeks  of  age. 
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Interval  Sprint  Conditioning 

All  three  levels  of  the  SI  group  (SI-15,  SI-25,  SI-32)  were 
run  on  the  treadmill  at  a  30%  grade  for  a  maximun  of  20  exercise  bouts 
daily.  The  work/relief  ratio  was  15  seconds  of  running  following  by 
20  seconds  of  rest  (1:1.3) . 

Fran  training  weeks  1  through  6,  running  speeds  were  increased 
from  30  m/min  to  60  m/min  for  the  prescribed  20  bouts  per  day 
(Fig.  2)  .  However,  in  order  to  acclimate  the  animals  to  sprinting 
at  80  m/min. ,  the  daily  exercise  bouts  were  reduced  to  10  for  the  7th 
week  and  then  increased  to  16  for  the  8th  training  week  (Fig.  2)  . 

The  speed  of  80  m/min.  for  20  bouts  per  day  was  continued  for  an 
additional  9  weeks. 

At  approximately  23  weeks  of  age  (18  weeks  of  sprint  activity)  , 
the  SI-25  and  SI-32  groups  were  progressed  to  a  treadmill  speed  of 
85  m/min  (Fig.  2) . 

SI-32  was  further  progressed  to  20  bouts  at  90  m/min  per  day 
until  sacrifice  (Fig.  2)  . 

Tissue  Collection 

Approximately  48  hours  after  the  last  exercise  session,  animals 
from  the  designated  age  groups  were  killed  via  decapitation  with  a  hand 
operated  small  animal  guillotine.  Portions  of  the  right  and  left 
achilles  tendons  of  each  rat  were  excised  distal  to  the  musculotendinous 
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Figure  2:  Sprint-Interval  (SI)  Training  Scheme 

Scale  'X'  shows  running  speedo  (m/min  )  performed  during 
26  weeks  of  conditioning. 

Lower  curve  'Y' ,  illustrates  the  corresponding  number  of 
exercise  bouts  (15  sec  run,  20  sec  rest)  performed. 

SI  sacrificed  at  15,  25  and  32  weeks  of  age. 


EXERCISE  BOUTS 
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junction  arid  proximal  to  its  insertion  onto  the  calcaneus .  The  tissue 
samples  were  then  frozen  in  liquid  nitrogen- cooled  isopentane  and 
stored  at  -80°C  for  subsequent  analyses. 

Tissue  Analytical  Techniques 

Total  nydroxyproline  concentration  (ug/mg  stored  tissue)  of 
left  achilles  tendons  was  determined  according  to  the  method  of 
Stegaman  (1961)  as  modified  by  Bergran  and  Loxley  (1963)  , 

(Appendix  B)  . 

The  acnilles  tendons  of  the  contralateral  limb  was  assayed  with 
a  0.45  M  NaCl  solution  to  yield  an  insoluble  and  soluble  collagen 
fraction  (Neuman  and  Logan,  1950)  .  Subsequent  determination  for 
hydroxyproline  concentration  in  tne  insoluble  fraction  followed 
Bergman  and  Loxley* s  (1963)  colour  reaction. 

Tissue  samples  were  not  purified  since  virtually  pure  native 
collagen  can  be  chemically  obtained  frem  unmodified  achilles  tendon 
(Tipton  and  Matthes,  1975;  Cannon  and  Davison,  1973;  Chvapil,  1967, 
Woessner,  1961) . 

Freezing  Effects 

Houck  and  Jacob  (1961)  reported  that  rat  connective  tissue 
lost  about  30%  wet  wsight  due  to  freezing  and  storage  at  -15  C. 

After  21  days,  tissue  samples  had  only  lost  an  additional  1%  more 
weight.  Hence,  all  tendon  weights  in  this  study  are  reported  as 
stored  tissue  and  corrected  for  weight. 
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Statistical  Analysis 

A  2-way  analysis  of  variance  (Ders:  Anov  25,  University  of 
Alberta)  was  corrputed  to  reveal  differences  in: 

1.  main  effect  of  chronological  age  (wks). 

2.  main  effect  of  activity  pattern. 

3.  interaction  effect  between  type  of  activity  and  age. 

Where  F  values  were  significant  (p  <_  0.05)  Scheffe  multiple  contrasts 
for  simple  main  effects  were  calculated  for  body  weights  (grams)  , 
total  hydroxyproline  concentration  (ug/mg  stored  tissue)  ,  and 
insoluble  fraction  in  0.4i>  M  NaCl  (hydroxyproline  concentration, 
ng/mg  stored  weight) . 
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RESULTS 

Initial  body  weights  (grams)  for  the  different  groups  did  not 
differ  (p  <  0.05)  .  However,  with  age,  a  significant  increase  in  body 
weight  occurred  between  15  week  old  animals  compared  to  both  25  and  32 
week  groups  (Fig.  3) .  According  to  the  data  (Appendix  C) ,  aging 
after  25  weeks  in  the  rat  does  not  produce  an  increase  in  ponder al 
growth  (Fig.  3)  .  In  terms  of  activity  pattern,  significantly  lower 
body  weights  were  found  for  endurance  conditioned  rats  compared  to 
sedentary  controls.  Apparently,  the  sprint  conditioning  stimulus  did 
not  elicit  changes  in  body  weights  with  respect  to  either  sedentary  or 
endurance  conditioned  animals  (Fig.  4) . 

The  results  also  showed  that  total  collagen  of  rat  achilles 
tendon  increased  significantly  with  aging  between  15  and  j>2  weeks 
(Table  II)  .  It  was  also  observed  that  10  weeks  of  aging  (15  to  25 
weeks)  did  not  affect  (p  <g  0.05)  collagen  content  of  rat  achilles 
tendon.  In  addition,  endurance  or  sprint  conditioning  did  not  induce 
significant  changes  in  collagen  content  in  achilles  tendon  compared 
to  sedentary  animals  (Table  II)  . 


No  statistical  difference  existed  in  insoluble  fractions 

between  conditioning  groups  (p  0.05)  (Fig.  5) . 


across  age  or 


BODY  WEIGHTS  (GRAMS) 
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AGE  (WEEKS) 


Figure  3: 


Mean  body  weights  (grams)  of  sedentary  controls  (CS) , 
endurance  conditioned  (DC)  and  sprint  conditioned 
(SI)  rats  at  5,  15,  25  and  32  weeks  of  age. 


BODY  WEIGHTS  (grams) 
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Mean  body  weights  (grams)  as  a  function  of  activity 
pattern  (sedentary  controls  CS,  endurance/continuous 
running  EC,  and  sprint-type  running/interval  SI) 
of  rats  at  15,  25,  32  weeks  of  age. 


Figure  4 : 
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DISCUSSION 

Body  weights  and  collagenous  modifications  (total  collagen 
content  as  shown  by  hydroxyproline  concentration  and  insolubility 
fraction  of  collagen  in  0.45  M  NaCl)  in  achilles  tendon  have  been 
studied  in  three  age  groups  of  rats  (15,  25,  32  weeks)  adapted  in 
the  course  of  26  weeks  to  moderate  and  intensive  physical  conditioning. 
The  results  of  this  study  substantiate  previous  findings  on  body 
weights  of  rodents  where  ponderal  growth  progresses  through  an  early 
exponential  phase  followed  by  a  slow7  asymptotic  phase  at  maturity 
(Borer  and  Kaplan,  1977)  .  Specifically,  15  week  old  rats  gained 
100  +  5  grams  by  the  25th  week  while  no  increase  in  body  weight  was 
noted  by  32  weeks  of  age.  This  evidence  confirms  the  premise  that 
chronological  ages  of  15,  25  and  32  weeks  in  the  laboratory  rats 
studied  included  both  growth  and  maturational  phases  of  the  aging 
process . 

There  was  no  differential  effect  on  body  weight  brought  about 
by  endurance  and  sprint  conditioned  groups.  However,  as  demonstrated 
in  previous  studies  (Wilkinson,  1977  and  Borer,  1977) 
endurance  trained  animals  showed  a  reduced  body  weight  gain  (p  0.05) 
when  compared  to  sprint  and  sedentary  groups.  This  lower  body  weight 
was  probably  due  to  increased  energy  expenditure,  decreased  food  in¬ 
take,  or  both  (Wilkinson  et  al.,  1977)  .  Sprint  conditioning  did  not 
result  in  significantly  different  body  weights  in  comparison  to 
endurance  trained  and  non-conditioned  animals  which  suggests  that 
caloric  intake  and  expenditure  were  similar  to  both  EC  and  CS  groups. 
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The  data  sunmarized  in  Table  II  demonstrates  that  aging  from 
15  to  32  weeks  induced  a  significant  increase  in  collagen  content 
in  the  achilles  tendon  as  indicated  by  an  increase  in  hydroxyproline 
concentration  in  CS,  EC  and  SI  groups.  This  is  in  agreement  with 
Mohan  (1975) ,  and  Sobel  (1962)  who  stated  that  collagen  of 
mammals  accumulated  rapidly  during  growth.  An  investigation  of  skin 
and  tendon  from  2  and  80  year  human  necropsies  also  showed  an  increase 
in  total  hydroxyproline  concentration  (Deyl  et  al.,  1971)  .  However, 
the  age-related  progressive  increase  of  collagen  found  (Table  II) 
is  apparently  unique  to  the  rat.  since  most  other  species  accumulate 
collagen  at  a  considerably  slower  rate  after  skeletal  and  sexual 
maturity  (Viidik,  1973) . 


Results  of  studies  investigating  collagen  content  as  measured 
biochemically  by  determining  hydroxyproline  concentration  do  not  agree 
that  this  parameter  increases  after  physical  conditioning.  Kiiskinen 
ard  Heikkinen  (1973)  trained  2  week  old  mice  for  3  to  22  weeks  and 
found  an  increased  hydroxyproline  content  in  tendons  compared  to  non- 
trained  controls.  Heikkinen  and  Vuori  (1972)  also  found  exercise- 
related  effects  of  collagen  content  in  achilles  tendons  of  old  mice 
(12  -  14  months)  trained  for  only  four  weeks.  Viidik  (1967)  , 

Tipton  and  Martin  (1975)  conditioned  young  rabbits  and  rats  for 
40  weeks  and  15  weeks  respectively.  No  alterations  of  collagen 
content  due  to  exercise  were  found. 
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TABLE  II 


COMPUTED  CELL  MEANS  MATRIX  OF  TOTAL  COLLAGEN 
AS  INDICATED  BY  HYDROXYPROLINE  CONCENTRATIONS  (ug/mg) 
OF  ACHILLES  TENDON  AS  A  FUNCTION  OF  AGE  (WKS)  AND 
ACTIVITY  PATTERN  IN  YOUNG  AND  ADULT  HALE  PATS 


FACTOR  B 

ACTIVITY  PATTERN 

Control 

Endurance 

Sprint 

Sedentary 

Continuous 

Interval 

CS 

EC 

SI 

rn 

34.70-6.99 

60 . 38-12 . 15 

40.50-7.1 

15 

nH=9 

i 

n..  ^  =  8 

1  z 

n13=7 

H 

C 

55.30-10.44 

76.91-13.2 

74.42-23.0 

<c 

25 

n2i  =  7 

n22  =  7 

n23=6 

< 

& 

99 . 64-33 . 7 

83.60-22.90 

82.06-30.1 

W 

Eh 

U 

< 

32 

n31=7 

n32=6 

n33=4 

Pm 
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In  the  present  study,  moderate  and  intensive  physical  condition¬ 
ing  programs  applied  over  26  weeks  also  indicated  that,  to  date,  no 
convincing  evidence  exists  to  suggest  that  training  affects  collagen 
content  of  achilles  tendon  in  the  rat. 

Hypotheses  from  these  findings  can  be  made  although  more  work 
would  be  needed  for  verification.  Just  as  a  certain  minimum  threshold 
of  cardiovascular  response  (heart  rate)  must  be  met  in  order  for 
improved  aerobic  capacity  (Astrand  and  Rodahl,  1977)  the  possibility 
exists  that  the  intensity  or  duration  of  physical  conditioning  must 
satisfy  a  certain  specific  level  in  order  to  induce  structural 
adaptations  at  the  molecular  level.  Certainly,  procedural  defects  in 
biochemical  analysis  could  reveal  differences  due  to  training  where 
none  exists.  However,  it  is  more  likely  that  discrepancies  of 
collagen  alterations  due  to  exercise  may,  in  fact,  be  a  function  of 
the  species  of  laboratory  animal  studied.  The  rat,  for  example, 
retains  some  potential  for  skeletal  growth  throughout  life,  while 
epiphyseal  growth  centres  close  in  carnivores  and  primates  (Borer, 

1977  and  Bourliere,  1954) .  More  research  investigating  the  relation¬ 
ship  of  physical  conditioning  and  collagenous  modifications  using 
different  animal  models  is  needed. 

The  physico-chevical  stability  of  collagen,  in  terms  of  its 
solubility  characteristics  has  been  studied  in  relation  to  both 
biological  and  chronological  aging  (Weiss,  1977;  Hall,  1976; 

Mohan,  1975;  Booth  and  Gould,  1975;  Devi,  et  al . ,  1973;  Cannon 


and  Davison,  1973;  Chvapil,  1973,  1967;  Everitt,  1972;  Adams,  1970; 
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Shock,  1966;  Sjoerdsma,  1965) .  Connective  tissues  (skin,  bone, 
tendon,  ligament,  cartilage)  of  several  species  studied  showed  that 
progressively  less  collagen  can  be  extracted  by  saline  and  acid  re¬ 
agents  from  older  tissues  (Cannon  and  Davison,  1973) .  However, 

Chvapil  (1973) ,  studying  the  growth  pattern  of  collagen  (lung, 
heart  and  fenur)  of  7.5  and  32  week  old  rats  found  that  compared  to 
domesticated  animals  of  equal  age,  the  differential  effect  on  collagen 
solubility  was  attributed  to  an  offsetting  of  the  aging  process  in 
mid  rats.  Whether  physical  conditioning  has  any  influence  on  soluble 
and  insoluble  fractions  of  collagen  is  not  documented  elsewhere 
(Tipton  and  Martin,  1975)  .  The  findings  of  this  study  show  that  the 
effects  of  age,  sedentary,  moderate  and  intensive  physical  conditioning 
do  not  modify  the  insoluble  fraction  of  a  0.45  M  NaCl  extraction  of 
achilles  tendon  in  rats.  A  survey  of  the  data  in  Table  III  reveals 
that  variability  of  hydroxyproline  concentrations  was  too  great  to 
permit  statistically  significant  differences.  Howaver,  insolubility 
fractions,  as  measured  by  hydroxyproline  concentrations  have  been 
reported  (Table  III)  in  order  that  the  findings  will  not  necessarily 
be  deemed  unimportant  as  significance  testing  may  dictate. 

The  limitations  of  this  inquiry  are  recognized.  Certainly,  the 
changes  described  in  achilles  tendon  of  young  and  mature  rats 
represented  only  a  fraction  of  the  total  dynamic  processes  of  the 
entire  body  (Chvapil,  1967)  .  Furthermore,  the  use  of  laboratory7 
animals  has  obvious  limitations  when  generalizing  to  the  human 
population . 


TABLE  III 


COMPUTED  CELL  MEANS  MATRIX  OF 
INSOLUBLE  FRACTION  OF  COLLAGEN  AS  INDICATED  BY 
HYDROXYPROLINE  CONCENTRATIONS  (ug/rrvg)  IN  0.45  M  NaCl 
FROM  ACHILLES  TENDON  AS  A  FUNCTION  OF  AGE  (WKS) 

AND  ACTIVITY  PATTERN  IN  YOUNG  AND  ADULT  MALE  RATS 


! 

FACTOR 

B  ACTIVITY  PATTERN 

Control 

Endurance 

Sprint 

Sedentary 

Continuous 

Interval 

CS 

EC 

SI 

48.38-16 . 3 

79.84-21.5 

61.42-18.3 

CO 

15 

nH=9 

n12  =  7 

n13=5 

W 

CD 

+ 

+ 

4- 

69 . 38-18 . 7 

75.48-26.3 

65.37-22.1 

< 

25 

n21=9 

n22  =  6 

n23=7 

< 

& 

76.10-17.0 

131.24-13.9 

69.46-25.0 

O 

H 

U 

< 

32 

n31=7 

n32=4 

n33=8 

Pm 

It  is  concluded  that: 


1.  Body  weights  of  endurance  conditioned  rats  were  decreased 
car-pared  to  sedentary  free  eating  controls. 

2.  Body  weights  of  15  week  old  rats  significantly  increased 
by  25  weeks;  however,  weight  gain  between  25  and  32  weeks 
of  age  was  not  demonstrated. 

3.  Total  collagen  content  of  achilles  tendon  increased  as  a 
function  of  age  between  15  and  32  weeks. 

4 .  Moderate  and  intensive  physical  conditioning  of  an 
endurance  and  sprint  nature  did  not  affect  total  collagen 
content  of  achilles  tendon. 

5.  The  fraction  of  insoluble  collagen  in  a  0.45  M  NaCl  solution 
was  not  affected  by  age,  sedentary,  endurance  or  sprint 
conditioning  treatments. 

Recommendations 

The  present  study  suggests  that  no  conclusive  evidence  exists 
to  substantiate  the  notion  that  there  is  a  relationship  between 
physical  conditioning  and  aging  in  collagen  of  achilles  tendons  of 
15,  25,  and  32  week  old  rats. 

It  is  therefore  reccnmended  that  training  and  aging  studies 
investigate  alterations  in  collagen  in  prepubertal  and  senile  age 
ranges  and  different  laboratory  animal  models. 
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APPENDIX  A 


REVIEW  OF  LITERATURE 


The  reactivity  of  connective  tissues,  specifically  achilles 
tendon,  has  been  examined  in  relation  to  the  factors  of  age  and 
physical  conditioning.  Seme  excellent  reviews  and  studies  pertaining 
to  the  influence  of  aging  and  exercise  on  collagen  have  been  mentioned 
(Introduction)  ,  (Hall,  1976,  Edington  and  Edgerton,  1976;  Booth 
and  Gould,  1975;  Tipton  and  Martin,  1975;  Tipton  and  Matthes,  1975; 
Yiidik ,  1973;  Chvapil,  1973  and  1967;  Everitt,  1972;  Heikkinen  and 
Vouri,  1972;  Verzar,  1963)  .  It  is  evident  that  there  is  accumulating 
data  concerning  collagen  changes  with  aging  and  training  which  may 
often  conflict  or  present  a  confusing  picture.  Thus,  Table  IV  was 
compiled  in  order  to  facilitate  interpretation  and  comparisons  of 
findings . 

It  is  not  enough  to  understand  endogenous  and  exogenous  effects 
on  collagen  without  also  knowledge  of  structure  and  function.  Chvapil' 
Physiology  of  Connective  Tissue  (1967)  presents  an  especially 
extensive  and  dynamic  account  of  this  tissue  formerly  thought  to  be 
inert  (Tipton,  1975)  .  Certainly,  connective  tissue  researchers  such 
as  Chvapil,  1973;  Verzar,  1963;  Jackson,  1965;  Hall,  1976; 

Bohinski,  1976;  and  Stryer,  1975  provided  a  more  carpi  ex  and 
detailed  treatment,  ard  the  reader  is  referred  to  their  work.  Howsver, 
a  modest  account  of  the  physiology  and  structure  of  collagen  has  been 
made  in  order  to  provide  a  foundation  for  an  elucidation  of  factors 
investigated  (age,  physical  conditioning)  in  the  present  study. 
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The  wDrd  collagen  comes  from  the  Greek  word,  'to  produce  glue'  . 
In  every  day  living,  it  is  seen  as  the  jelly  substance  of  cooked  ham 
or  boiled  chicken.  This  event,  as  well  as  the  shrinking  of  tendon 
upon  heating  prompted  Verzar  in  the  early  1950's  to  study  collagen 
as  a  possible  index  of  biological  aging  (Verzar,  1963) . 


Collagen  distribution  in  the  body  testifies  to  its  biological 
importance  since  it  comprises  about  1/3  of  the  total  body  protein 
(Bohinski,  1976;  Stryer,  1975) .  Furthermore,  Sobel  (1962)  stated 
that  'all  the  cells  of  the  organism  except  those  floating  free  in  the 
blood  stream  are  dependent  upon  connective  tissues  for  contact  with 
the  external  environment'  .  A  member  of  the  classification 
scleroproteins  (Karlson,  1965) ,  collagen  serves  as  the  binding 
substance  of  skin,  muscular  and  vascular  systems  (Dorland's  Medical 
Dictionary,  1974) . 


The  collagen  complex  can  be  more  readily  conceptualized  when 
considering  a  rope.  There  are  three  main  strands  or  peptide  chains 

comprising  the  rope  known  as  tropocollagen . 
These  strands  are  twisted  in  a  right-handed 
helix  and  in  turn  each  one  of  the  three  peptide 
chains  is  individually  coiled  in  a  left-handed 
helix,  thus,  rendering  the  collagenous  tissue 
'flexible'  while  offering  resistance  to 
longitudinal  forces  (Hall,  1976) . 
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The  characteristic  helical  rod  conformation  described  is  of  a 
o  o 

defined  3000  A  in  length  and  15  A  across.  This  is,  in  part,  due  to 
its  amino  acid  composition  and  sequence.  Apparently,  a  regular  amino 
acid  order  has  not  been  identified  (Stryer,  1975)  .  However,  it  is 
veil  established  that  almost  every  1/3  residue  is  glycine  (Bohinski, 
1976;  Blocm  and  Fawcett,  1975;  McGilvery,  1970;  Karlson,  1965)  . 

This  fact  can  be  explained  in  terms  of  the  molecular  structure  of 
glycine.  As  a  relatively  ' compact '  molecule  (Stryer,  1975) ,  glycine 
easily  occupies  the  interior  position  of  the  helix  while  the  imino 

acids  (secondary  amino  acids)  of  proline 
and  hydroxyproline  can  be  more  readily 
accorrnodated  on  the  outer  helix  of  the 
collagen  complex  (Stryer,  1975) ,  (Fig.  5 ) . 

Hydroxyproline  (in  nature,  4-hydroxy-L-proline)  has  been 
used  as  the  'defining'  component  for  collagen  (Hall,  1976;  Bergman 
and  Loxley,  1963;  Woessner,  1961) .  It  is  synthesized  by  hydroxyla- 
tion  of  proline  residues  and  not  as  a  free  amino  acid  (Adams,  1970) 
and  its  accumulation  is  an  indicator  of  steric  rigidity  of  the 
collagen  complex  (Chvapil,  1967) .  The  rigidity  of  the  complex  ccmes 
about  by  cross-linkages  inter-  and  intramolecularly  (Bohinski,  1976) . 
These  cross-links  vary  in  binding  capacity  depending  on  the  electric 
charge  of  the  elements  (for  example,  hydrogen  bonding  vs.  covalent 
bonding) .  The  hydroxyproline  complexes  liberated  from  collagen  due 
to  acidic  and  extreme  heat  conditions  (130°C)  as  performed  in  this 
study,  was  measured  spectrophotornetrically  at  558  nm  (Bergman  and 
Loxley,  1963)  thus  conferring  the  biochemical  measurement  of  collagen. 
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APPENDIX  5 


SPECIE OPHOTOMETRI C  ESTIMATION  OF  HYDROXYPRO. 


"LINE 


REAGENTS:  as  described  by  Bergman  and  Loxley,  1963. 

1 .  Oxidant  solution 

a.  A  7%  w/v  aqueous  solution  of  Chloramine  T  (sodium  salt  of 
N-chloro-p-toluenesulfonarride . 

b.  An  acetate/citrate  buffer  of  pH  6.0  vas  made  by  dissolving 

57  g  of  sodium  acetate  (SH^O)  ,  37.5  g  of  trisodium 

citrate  (2^0)  ,  5.5  g  of  citric  acid  (H^O)  and  385  ml 

of  isopropanol  in  water  and  made  up  to  1  liter  with  water. 

Just  before  the  start  of  each  series  of  determinations, 
solutions  1  (a)  and  1  (b)  were  mixed  in  the  proportion  of  1  volume 
of  1 (a)  to  4  volumes  of  1 (b)  to  give  the  oxidant  solution 
(about  1.25  ml  per  analytical  value  required) . 

2.  Ehrlich1 s  Reagent  Solution 

a.  p-Dimethylamino-benzaldehyde  was  dissolved  in  60% 
perchloric  acid  (S.G.  1.54)  in  the  proportion  of  2  g  of 
aldehyde  to  3  ml  of  acid. 

b.  Isopropanol. 

Just  before  the  start  of  each  series  of  determinations, 
solutions  2(a)  and  2(b)  were  mixed  in  the  proportions  of  3 
volumes  of  2(a)  to  13  volumes  of  2(b)  to  give  a  final  volume 
of  about  15  ml  per  analytical  value  required,  allowing  for 
manipulation . 


41 


3.  Hydroxyproline  Standard  Solution 

25  mg  of  trans-L-hydroxyproline  was  made  up  in  0.001  M  HC1  to 
minimize  bacterial  growth.  The  solution  was  refrigerated 
(4°C)  and  only  portions  taken  for  dilution  were  allowed  to 
reach  room  temperature. 

4 .  Hydroxyproline  Standards 

The  stock  solution  was  diluted  (10  ml  to  100  ml)  such  that 
1  ml  of  diluted  stock  contained  10  ug  hydroxyproline/ml 
distilled  H^O.) 


TEST 

TUBE  # 

DILUTED 

STOCK  (ml) 

H20  (ml) 

Cone 1 n 
ug/ml 

O.D. 

Blank 

- 

1.0 

0 

1 

0.1 

0.9 

1.0 

2 

0.25 

0.75 

2.5 

3 

m 

• 

o 

0.5 

5.0 

4 

0.75 

0.25 

7.5 

5 

1.0 

— 

10.0 
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PROCEDURES 

I.  Total  Hydroxyproline 

Steps 

1.  Frozen  tissue  Vvas  weighed  and  recorded. 

2.  Tissue  and  10  ml  6  N  HC1  was  added  to  50  ml  hydrolysis 
bottle. 

Autoclave 

3.  Samples  ware  sealed  (rubber  stoppers  and  metal  caps)  and 
autoclaved  at  130°C  for  3  hours,  (hydrolysate  seems  to 
remain  stable  for  several  weeks  if  left  sealed)  . 

Neutralize 

4.  5  ml  hydrolysate  was  added  to  50  ml  Erlenmeyer  flask. 

5..  3  drops  congo  red  added  (hydrolysate  turns  dark  blue)  . 

6.  Titrate  with  3  N  NaOH  until  pH  of  6-7  (hydrolysate  turns 
to  orange-yellow7  colour) .  This  volume  is  recorded 
(usually  10  ml) . 

7.  Add  Norit  (Fisher  Norit  A-aikaline)  ,  to  decolourize.  Let 
stand  5  minutes. 

8.  Filter  (Fisher  Whatman  filter  #1) . 

Colour  Reaction  (Bergman  and  Loxley,  1963)  . 

9.  Pipet  -  1  ml  distilled  water 

-  1  ml  of  standards 

-  1  ml  of  neutralized  sample,  into  individual 

20  x  150  run  test  tubes.  All  samples  done  in  triplicate. 
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10.  To  each  test  tube,  add  the  following  in  sequence: 

-  2  ml  isopropanol  and  mix 

-  1  ml  oxidant  solution  -  mix,  and  let  stand 
4  minutes 

-  13  ml  Ehrlich’s  reagent  -  mix. 

11.  Place  tubes  into  water  bath  (60°C)  for  25  min. 

12.  Cool  tubes  quickly  in  cold  tap  water. 

13.  Dilution  step  (isopropanol)  was  emitted  and  spectro- 
photometric  readings  were  determined  within  30  min. 

II.  0.45  M  NaCl  Extraction  (0.45  M  26.301  gm  NaCl/litre  RT20) 

14.  Frozen  tissue  was  weighed  and  recorded. 

15.  Transfer  to  unbreakable  centrifuge  tube.  Wash  homo¬ 
genization  flask  twice  with  3  ml  then  2  ml  of  0.45 

M  NaCl  and  add  to  centrifuge  tube  (contains  20  ml 
0.45  M  NaCl  plus  all  homogenized  tissue) . 

16.  Cover  and  leave  in  fridge  overnight. 

17.  Centrifuge  for  1  hour  in  refrigerated  centrifuge. 
Soluble  Fraction 

18.  Pipet  15  ml  supernatant  into  100  ml  hydrolysis  bottle. 

19.  Md  10  ml  6  N  HC1  for  hydrolysis  and  autoclave  at  130°C 
for  3  hours. 

20.  Neutralize  (steps  4  -  8) . 

21.  Colour  reaction  (steps  9  -  13) . 


Insoluble  Fraction 


22.  Decant  remainder  of  supernatant  and  add  5  ml  6  N  HC1  to 
centrifuge  tube  containing  solid  pellet. 

23.  Pour  into  100  ml  hydrolysis  bottle. 

24 .  Wash  centrifuge  tube  with  another  5  ml  6  N  HC1  and  add 
to  hydrolysis  bottle. 

25.  Continue  procedure  (steps  3  -  13) . 

Spectrophotcmetric  Estimation  of  Hydroxyproline 

26.  O.D.  readings  taken  at  558  nm. 
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TABLE  V 

COMPUTED  CELL  MEANS  MATRIX  OF 
BODY  WEIGHTS  (g)  OF  MALE  WISTAR  RATS 
AS  A  FUNCTION  OF  AGE  (WKS)  AND 
ACTIVITY  PATTERN 
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TABLE  VI 


SCHEFFE  MULTIPLE  COMPARISONS  OF 
ACTIVITY  PATTERN  MAIN  EFFECTS 
OF  BODY  WEIGHTS  (g) 

IN  YOUNG  AND  ADULT  MALE  RATS 


I 

J 

Contrast 

F  Ratio 

Probability 

cs 

EC 

57 . 6 

8 . 01 

0. 00008 

cs 

SI 

27 . 8 

1.91 

0.1570 

EC 

SI 

-29 . 8 

1.97 

0.1481 

TABLE  VII 

SCHEFFE  MULTIPLE  COMPARISONS  OF 
AGE  (WKS)  MAIN  EFFECTS 
OF  BODY  WEIGHTS  (g) 

IN  YOUNG  AND  ADULT  MALE  RATS 
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15 
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0. 0000 
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32 
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32 
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TABLE  VIII 

SCHEFFE  MULTIPLE  COMPARISONS  OF 
AGE  (WKS)  MAIN  EFFECTS 
OF  TOTAL  COLLAGEN  IN  ACHILLES  TENDON 
AS  INDICATED  BY  HYDROXYPROLINE  CONCENTRATIONS 
(ug/mg  STORED  WEIGHT) 

OF  YOUNG  AND  ADULT  MALE  RATS 


TABLE  IX 


SCHEFFE  MULTIPLE  COMPARISONS  OF 
ACTIVITY  PATTERN  MAIN  EFFECTS 
OF  TOTAL  COLLAGEN  IN  ACHILLES  TENDON 
AS  INDICATED  BY  HYDROXYPROLINE  CONCENTRATIONS 
(ug/irg-  STORED  WEIGHT) 

OF  YOUNG  AND  ADULT  MALE  RATS 
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TABLE  X 


SCHEFFE  MULTIPLE  COMPARISONS  OF 
AGE  (WKS)  MAIN  EFFECTS 
OF  INSOLUBLE  COLLAGEN  IN  ACHILLES  TENDON 
AS  INDICATED  BY  HYDROXYPROLINE  CONCENTRATION 
(ug/mg  STORED  WEIGHT) 

OF  YOUNG  AND  ADULT  MALE  RATS 


TABLE  XI 


SCHEFFE  MULTIPLE  COMPARISONS  OF 
ACTIVITY  PATTERN  MAIN  EFFECTS 

OF  INSOLUBLE  COLLAGEN  IN  ACHILLES  TENDONS 
AS  INDICATED  BY  HYDROXYPROLINE  CONCENTRATION 
(  ug/mg  STORED  WEIGHT) 

OF  YOUNG  AND  ADULT  MALE  RATS 
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0 . 2287 

CS 

Interval 

-  0.8 
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0 . 2823 

